Abstract-The method of realization log-periodic vibrator antennas in asymmetrical execution is shown in the work. The method is based on a two-wire collecting line of four conductors with alternating polarity. The proposed construction of a logperiodic antenna made it possible to form a plane of symmetry and a connection of vibrators on each of the conductors of the same polarity. Thus formed the structure consists of two halves, and on each of them the vibrators are arranged according to the law τ 2 , relatively to each other by τ. On the example of the SW band antenna system in asymmetrical design, the possibility of providing communication at distances up to 300 km is shown.
I. INTRODUCTION
Logarithmic, and in particular log-periodic antennas, refer to the so-called self-complementary structures. These can be simple radiators or complicated ones, but they all have the properties: independent or weakly dependent on the frequency directivity characteristics and the input resistance. Ultimately, these are flat self-complementary multipolar structures that have a resistance close to 60π Ohm. The subject of this work is bipolar structures, which are realized in a wide variety on a plane. The feature of vertical polarization antennas is their three-dimensionality. In this case, various implementations of vertically polarized structures are far from perfect, and the gap analog for the corresponding monopole is far from being constructive [1] .
Traditionally, vertically polarized antennas are realized on the basis of asymmetric vibrators, the range of which is provided by various volumetric constructions [2] . They have an omnidirectional characteristic in the horizontal plane. They are included in the corresponding phasing system with a noticeable deterioration in the range to obtain directional properties.
At the same time, well-known principle of obtaining range based on log-periodic antennas can be well suited for solving this problem, but the implementation of an antenna, especially in the hectometric range, requires considerable material costs (guy wires, masts, insulators, etc.).
II. FORMULATION OF THE PROBLEM
The most acceptable solution is seen in case of the implementation LPVA (log-periodic vibrator antenna) in asymmetrical design, when an asymmetrical construction, being installed above a conducting surface, is supplemented by its mirror image. However, in the traditional performance, view to alternating inclusion of the vibrators along the length of the antenna, this is impossible.
In paper, we propose to circumvent this problem schematically and technically. In particular, we propose a twowire collecting line made of four conductors with alternating polarity. The resulting four-wire line is a two-wire line, but the directions in the conductors alternate in the sequence "+, -, +, -", creating the conditions when same polarity vibrators shoulders are connected to each conductor. Practically we get two two-wire structures with length-connected vibrators according to the law τ 2 , which are shifted relative to each other along the antenna axis by a similarity factor τ. Thus, the formed system is consistent with the principle of constructing log-periodic vibrator antennas, but which has a plane of symmetry that allows the principle of "mirror mapping" to be realized.
III. THEORY Fig. 1 shows a fragment of similar antennas construction. In this case, a four-wire symmetrical line is laid near the vertical plane, with the vibrators arms connected to the conductors in such a way that the vibrators groups of each pair of conductors are replaced according to each other with a similar factor τ, on the conductors -according to the τ 2 law.
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Fig. 1. Log-periodic vibrator antenna on a 4-wire collective line.
As for cable connection, it is inserted into one of the conductors in a manner similar to the traditional design, and at the place of its input the conductors are closed forming a symmetry of the power supply of its side of the highfrequency antenna input.
Thus, the implementation of an antenna in an asymmetric design reduces to placing two groups of vibrator arms above the symmetry plane, connected to conductors of a symmetrical two-wire line installed above the conducting plane.
It is easy to see that on the basis of the variant in an asymmetric design different directional patterns can be realized -from the directional (Fig. 2) to the multipath (Fig. 3) . Fig. 2 . Log-periodic vertical polarization antenna. Fig. 3 . Three-beam system of log-periodic vertically polarized antennas. Fig. 4 below presents a constructive version of an asymmetric vertically polarized log-periodic vibrator antenna for the frequency range 3-20 MHz for ground wave communication at distances up to 300 km [3] . In the described vertically polarized antenna, it should be noted the feature that is used as the last low-frequency vibrator s arm of a band antenna asymmetric variant vibrator [4] , which, being a band, replaces a group of low-frequency vibrators with a frequency overlap factor of about two [5] . Thus, the height of the antenna system does not exceed 0,25 λ max , and in the horizontal plane S H ≈ λ max /2, so it does not go beyond the counterweight of the antenna system.
The design of the asymmetric log-periodic vibrator antenna, supplemented with a band antenna, was a collecting line made of a U-shaped profile, and the current-carrying arms of the vibrators were made of an "antenna cord" with a 4 mm diameter. As for the guy wires that are in the field radiated by the antenna system, they are dissected by nut isolators. Fig. 4 shows the structure of the antenna system. It consists of a group of vertical arms of vibrators 1 electrically connected to a collecting line 2 supported by a rail 3 through insulators 4. As the last vibrator, a band antenna 5 is used. Bearing elements are masts 6 and a system of rails and guy wires.
IV. EXSPERIMENTAL RESULTS
The results of the tests on the track with a length of up to 300 km and the signal supplied to the antenna from the transmitter output up to 1 000 W have shown reliable communication with the ground wave. 
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The results of tests this antenna system in the range traditionally used on different routes in the daytime are of interest. First of all, there was a stable earth-wave connection in the range 1.75-9.99 MHz with a transmitter power of about 160 W. Measurements were made at distances from 35 to 195 km, the tested antenna system operated in the receive / transmit mode, and as a transceiver antenna of the mobile measuring complex, a vertical pin 10 meters high was used. It should be noted that when using a range antenna as low-frequency arms of the vibrators, the lower part of the working frequency band of the antenna thus made increased to 3 MHz with an allowable level of agreement with the transmitting path. As for the return radiation, the rigging elements (masts, guy wires, rails) were used to realize two vertical asymmetrical loop-like bridges, forming together with the band radiator a unidirectional system [6] .
V. THE DISCUSSION OF THE RESULTS
The proposed technical solution at creating a range of antenna systems with vertical polarization of the emitted and received fields is aimed. This is especially true in hecto-and decameter bands by ground and spatial wave. In this case, there is no need to prove how difficult and expensive implementing the range antennas in the traditional design.
The element of the prototype of the transceiver SW antenna system was developed on the basis of a telescopic mast device. In this case [3] :
-number of vertical asymmetrical vibrators 26 pieces; -the length of the collecting line is 25.7 m; -the size of the band antenna in the "H" -plane is 50 m; -similarity coefficient τ = 0,86. The described sample was tested in real conditions of the medium-cross-country terrain on radio paths with a ground wave at distances from 30 to 200 km in the frequency range 1.5 -10 MHz with a signal power at the output of the transmitter Р Т ≈ (150-180) W. At the same time, a stable exchange of information was achieved in telephone and telegraph modes.
VI. CONCLUSIONS AND INFERENCE
The proposed method for implementing the log-periodic vibrator antenna allows vertical-polarized antenna systems with a minimum height and occupied area to be realized in the SW band.
The tests, carried out on a constructive model, showed the effectiveness of information exchange on a real track.
The implementation of a proposal gives sufficiently simple solution to the organization of communication by the ground wave in a zone of unstable communication.
